In this paper, we will analyse the effect of deforming the first quantized Heisenberg algebra by a linear term in the momentum. We will argue that even though the Dirac equation is non-local, it can be converted into a local equation in a certain first order formalism.
All most all theories of quantum gravity modify the classical picture of spacetime. This is because near Planck length the fluctuations in the metric become of order one and the spacetime stops being a smooth manifold. Even though we can not direct analyse or formulate the Planck scale physics, we can analyse the effective behavior at lower energies due to this Planck scale phenomena. One way to analyse the effect of this Planck scale physics is to note that it would not be possible to define geometry below Planck scale. In this sense Planck length acts like a natural cut off for all physical phenomena. In fact, the existence of minimum length can even be inferred from string theory, because it is impossible to probe spacetime time below the string length scale [1] - [5] . This is because we need a probe to analyse geometry, and the smallest probe we can use is of string length scale. Hence, the string length also acts like a cut off for geometry. The big bang can turn into a big bounce due to minimum length effects in loop quantum gravity [6] . There are even strong indications from black hole physics that any quantum theory of gravity will have a minimum length of the order of the Planck length associated with it [7] - [8] .
The existence of a minimum length is not consistent with the usual Heisenberg uncertainty principle. This is because according to the usual Heisenberg uncertainty principle, it is possible to measure length with arbitrary accuracy if momentum is left unmeasured. So, the usual Heisenberg uncertainty principle has to be generalized to Generalized Uncertainty Principle (GUP), to make the existence of a minimum length consistent with quantum mechanics. This GUP can be obtained from a deformed Heisenberg algebra [9] - [23] . The deformation of the Heisenberg algebra changes the form of the momentum operator in the coordinate representation. In fact, another deformation of the Heisenberg algebra occurs in doubly special relativity [24] - [26] . The doubly special special relativity is a theory where apart from the velocity of light, the Planck energy is also an invariant quantities. A modification of General Relativity based on a similar idea has also been performed and the resultant theory is called Gravity's Rainbow [27] - [28] . It may be noted that both these deformations have been combined into a single deformation of the Heisenberg algebra [29] - [31] . Various physical systems have been studied for in deformed quantum mechanics obtained by analysing quantum mechanics based on this new commutation relationship. For example, the modification to transition rate of ultra cold neutrons in gravitational field has been studied in this deformed algebra [32] , and the modification to the Lamb shift and Landau levels [33] , due to this algebra been analysed. However, these calculations are only performed for the simple one dimensional case and it has been argued that in any higher dimensions, we will get non-local terms [43] . However, in this paper we will use a formalism, where these non-local terms do not occur.
The existence of minimum length causes the following deformation of the Heisenberg algebra [
and doubly special special relativity causes the following deformation of the Heisenberg algebra [
Here β = β 0 ℓ P l /h, β 0 is a constant normally assumed to be of order unity, andβ = ℓ P l ≈ 10 −35 m is the Planck length. These deformations can be combined into a single deformation [29] - [31] [
where M P l is the Planck mass, α = α 0 /M P l c = α 0 ℓ P l /h, and
19 GeV is the Planck energy. The one dimensional uncertainty relation given by ∆x∆p = [1 − 2α < p > +4α 2 < p 2 >], and it implies the existence of a minimum length ∆x ≥ ∆x min ≥ α 0 ℓ P l , and a maximum momentum ∆p ≤ ∆p max ≤ α . Herep i is interpreted as the momentum at low energies. In order to study the second quantization of this first quantized theory, we now complete this deformation by including the temporal part to the algebra [40] - [43] ,
So, we can write the momentum operator in the coordinate representation as
This will give a non-local term ∂ 2 µ in all most all field theories. Thus, we start with the non-local Dirac equation [40] - [43] 
where γ µ are Dirac's matrices obeying γ µ γ ν + γ ν γ µ = 2δ µν , ψ(x) is bispinor, and we use the notations of [44] . Let us introduce the functions χ(
Then this deformed Dirac equation can be written as
We thus obtain a system of first-order equations. We explore the elements of the entire matrix algebra ε A,B , with matrix elements and products of matrices, given by [45] (
where a, b, m, n = (1, 2, 3) . It is convenient to introduce 12-component wave function
Now we can represent this equation in the form of a 12-component matrix form
where
where A is a projection matrix A 2 = A, and B 3 = 0, I 4 is a unit 4 × 4-matrix. With the notations
where A = 1, 2, 3, 4, 5. Now in the momentum space we have the following result
wherep =p + p 5 Γ 5 ,p = p µ Γ µ . It can be written in the block-matrix form as
Thus, the following equations hold
and the matrixp = p µ Γ µ obeys the matrix equation,p 3 = p 2p . In this paper, we have expressed a deformed non-local Dirac equation in such a way, that we were able to get rid of the non-locality. It may be noted that the algebra generated by the matrices Γ A will be non-trivial. In fact, it will also be interesting to obtain the minimal matrix polynomial,p n + ap n−1 + ... + c = 0 forp =p + p 5 Γ 5 . It may be noted that gauge theories consistent with GUP have recently been studied [41] - [43] . The invariance under gauge transformation is achieved by replacing all the derivatives in the theory by gauge covariant derivatives. The commutator of the new deformed covariant derivatives constructed this way is used to define a field strength for the gauge fields. It would be interesting to perform this analysis in this present formalism. This is because the field strength consistent with a linear momentum term in the deformed Heisenberg algebra is non-local. This non-locality can be removed by using the present formalism. In fact, it has been observed that the fermionic terms in theories with Lifshitz scaling are also non-local [46] . It would thus be interesting to fermionic theories with Lifshitz scaling in the present formalism. It is expect non-locality can be removed even for fermionic theories with Lifshitz scaling, by using this method. In fact, the method given in this paper in very general and can be used to remove such non-locality in most physical theories.
